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©  Display  tube. 

A  flat  display  tube  (10)  comprising  an  envelope  (12) 
including  a  faceplate  (14)  on  which  a  luminescent  screen  (16) 
is  provided.  An  internal  divider  (20)  divides  the  interior  of  the 
envelope  (12)  vertically  into  a  front  portion  (22)  adjoining  the 
faceplate  (14)  and  a  rear  portion  (24)  which  communicates 
with  the  front  portion  (22)  via  a  space  between  the  upper 
edge  of  the  divider  (20)  and  a  peripheral  wall  of  the  envelope. 
An  upwardly  directed  electron  gun  (30)  and  line  scanning 
means  (34)  are  disposed  in  the  rear  portion  (24).  The  line 
deflected  electron  beam  (32)  is  directed  to  a  180°  reversing 
lens  (36)  which  deflects  the  electron  beam  into  the  front 
portion  (22).  An  electron  multiplier  (44)  is  disposed  in  the 
front  portion  (22)  adjacent  to,  but  spaced  from,  the  faceplate 
(14).  The  electron  beam  (32)  in  the  front  portion  (22) 
undergoes  frame  deflection  by  means  of  a  plurality  of 
selectively  energised,  vertically  spaced,  horizontally  elon- 
gate  electrodes  (42).  The  pattern  of  energisation  of  the 
electrodes  (42)  is  such  as  to  deflect  an  end  portion  of  the 
electron  beam  (32)  to  the  input  side  of the  electron  multiplier 
(44).  The  beam  having  undergone  electron  multiplication  is 
accelerated  to  the  screen  (16). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  d i s p l a y   tube ,   more  

p a r t i c u l a r l y   to  what  may  be  termed  a  f l a t   d i s p l a y   tube  in  which  a n  

e l e c t r o n   beam  is  d i r e c t e d   a long  a  pa th   p a r a l l e l   to  a  p l a n a r   s c r e e n ,  
is  t u rned   th rough  180° so  t h a t   i t   t r a v e l s   in  the  o p p o s i t e   d i r e c t i o n  

and  is  s u b s e q u e n t l y   d e f l e c t e d   towards   the  s c r e e n .  

There  have  been  many  p r o p o s a l s   for  the  de s ign   of  a  f l a t  

d i s p l a y   tube  but  so  far   t h e r e   has  been  no  widespread   manufac tu re   a n d  

use  of  such  a  t u b e .  

One  e a r l y   r e s e a r c h e r   in  t h i s   f i e l d   was  D.  Gabor  who 

p u b l i s h e d   his   proposed  ideas   over  a  number  of  years   and  r e f e r e n c e   may 
be  made  by  way  of  example  to  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   7 3 9 , 4 9 6  

(NRDS);  Paper  No.  2661R  read  be fo re   the  Radio  and  T e l e c o m m u n i c a t i o n  

S e c t i o n   of  The  I n s t i t u t i o n   of  E l e c t r i c a l   E n g i n e e r s ,   london  May  1958 ,  

By D.  Gabor,  P.R.  S t u a r t   and  P.G.  Kalman;  and  Proc.   IEE. ,   Vol.  115 ,  

No,  4,  Apr i l   1968  pages  467  and  478  "A  f u l l y   e l e c t r o s t a t i c ,   f a l t ,   t h i n  

t e l e v i s i o n   tube"  by  D.  Gabor,  H.A.W.  T o t h i l l   and  Joyce  E.  S m i t h -  

W h i t t i n g t o n .   F igures   4  to  8  of  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   7 3 9 , 4 9 6  

d i s c l o s e   a  f l a t   d i s p l a y   tube  in  which  an  e l e c t r o n   beam  is  p r o d u c e d  

and  is  d i r e c t e d   along  a  f i r s t   pa th   which  is  s u b s t a n t i a l l y   p a r a l l e l   t o  

a  s c r e e n .   Whi ls t   in  the  f i r s t   pa th   the  e l e c t r o n   beam  undergoes   l i n e  

d e f l e c t i o n .   The  e l e c t r o n   beam  is  then  r e f l e c t e d   by  1800  us ing   a  r e v e r -  

s ing  lens  so  t h a t   the  e l e c t r o n   beam  is  d i r e c t e d   along  a  second  p a t h  

which  is  between,   and  s u b s t a n t i a l l y   p a r a l l e l   to ,   the  f i r s t   pa th   and  . 
the  s c r e e n .   Whi ls t   in  the  second  pa th   the  e l e c t r o n   beam  u n d e r g o e s  

frame  d e f l e c t i o n   dur ing  which  i t   is  tu rned   to  impinge  on  the  s c r e e n .  

Frame  d e f l e c t i o n   is  ach ieved   by  two  se t s   of  i n t e r c o n n e c t e d   e l e c t r o d e s ,  

one  s e t   on  an  i n s u l a t i n g   s e p a r a t o r   d i sposed   between  the  f i r s t   and  

second  pa ths   and  the  o the r   se t   on  the  s c r een .   Cor re spond ing   i n t e r -  

connec ted   e l e c t r o d e s   of  each  s e t   are  s t a g g e r e d   in  h e i g h t   r e l a t i v e  

to  each  o t h e r .   A  s p e c i a l   va lve   is  p rov ided   whereby  du r ing   the  f r a m e  

f lyback   pe r iod   a l l   the  e l e c t r o d e s   are  charged  and  then  are  s e l e c t i v e l y  

d i s c h a r g e d   dur ing   the  frame  scan  p e r i o d .   Various  r e f i n e m e n t s   a r e  

proposed  for  p roducing   p i c t u r e s   in  c o l o u r .  



In  the  above  men t ioned   paper   No.  2661R  Gabor  d i s c l o s e s  

a  number  of  m o d i f i c a t i o n s   to  the  b a s i c   tube  d e s c r i b e d   in  B r i t i s h  

Pa t en t   S p e c i f i c a t i o n   739,496.   One  of  these   m o d i f i c a t i o n s   c o n c e r n s  

the  r e v e r s i n g   lens  which  is  f a b r i c a t e d   to  i n c r e a s e   the  d i v e r g e n c e  

angle  of  the  fan  ( tha t   is  the  angle   swept  out  by  the  e l e c t r o n   beam 

dur ing   l i n e   scanning)   by  a  f a c t o r   of  about   4.  This  m e a n s  t h a t   o n  

l e a v i n g   the  r e v e r s i n g   lens   on  the  second  pa th ,   the  l i n e   d e f l e c t e d  

e l e c t r o n   beam  sweeps  l a t e r a l l y   t h rough   an  angle  of  about  120°  t h u s  

sweeping  the  h o r i z o n t a l   wid th   of  the  p i c t u r e .   This  l a t e r a l   sweep  i s  

then  a r r e s t e d   by  a  c o l l i m a t i n g   lens   be fo re   the  e l e c t r o n   beam  i s  

d e f l e c t e d   onto  the  s c r een .   In  ano the r   of  these   m o d i f i c a t i o n s   t h e  

scanning   a r r a y   of  t h i n   l i n e a r   c o n d u c t o r s   is  charged  and  d i s c h a r g e d  

by  the  e l e c t r o n   beam  i t s e l f   and  thus  becomes  s e l f - s c a n n i n g .   Gabor  

admits  t h a t   t he se   m o d i f i c a t i o n s   s i g n i f i c a n t l y   i n c r e a s e   the  c o m p l e x i t y  

of  the  tube   c o n s t r u c t i o n .  

In  the  PROC.  IEE.  a r t i c l e   mentioned  above  t h e r e   a r e  

d i s c l o s e d   some  m o d i f i c a t i o n s   to  the  p r e v i o u s l y   ment ioned  d i s p l a y   t u b e  

to  s i m p l i f y   i t s   c o n s t r u c t i o n .   The  complex  r e v e r s i n g   and  c o l l i m a t i n g  

l enses   are  r e p l a c e d   by  a  s imple   t r o u g h - l i k e   r e v e r s i n g   l ens .   However 

in  o rder   to  be  able   to  scan  the  s c r e e n   ac ross   i t s   e n t i r e   w i d t h ,  

the  e l e c t r o n   bean  du r ing   i t s   f i r s t   pa th   undergoes  wide  angled  (+  600) 

d e f l e c t i o n ,   is  a c c e l e r a t e d   and  then   is  c o l l i m a t e d   so  t h a t   the  e l e c t r o n  

beam  approaches   and  l eaves   the  r e v e r s i n g   lens   s u b s t a n t i a l l y   n o r m a l  

t h e r e t o .   The  scann ing   a r r a y   is  mod i f i ed   so  t h a t   i t   comprises   f e w e r  

e l e c t r o d e s   and  rundown  and  f l y b a c k   channe l s   at  o p p o s i t e   edges ,   e a c h  

channel   h a v i n g   i t s   own  e l e c t r o n   gun.  In  s p i t e   of  a l l   t hese   p r o p o s a l s  

spanning  16  y e a r s ,   no  p r o t o t y p e   tube  was  ever  b u i l t .  

Another   r e s e a r c h e r   in  the  f i e l d   of  f l a t   d i s p l a y   tubes   i s  

W.R.  Aiken  and  a  smal l   number  of  c o n t i n u o u s l y   pumped  and  s ea l ed   d i s p l a y  

tubes   were  p roduced   for   e v a l u a t i o n .   From  the  p o i n t   of  view  of  t h e  

p r e s e n t   i n v e n t i o n   the  type  of  tube  produced  and  d i s c l o s e d   in  t h e  

P roceed ings   of  the  IRE,  December  1957  pages  1599  to  1604 

"A  Thin  Cathode-Ray  Tube"  i s  o f   l e s s   i n t e r e s t   because  a  low  v o l t a g e  

e l e c t r o n   beam  (800  V)  is  i n j e c t e d   p a r a l l e l   to  one  edge  of  a  f l a t   t u b e  

and  is  d e f l e c t e d   for   a  f i r s t   t ime  in to   the  r eg ion   between  the  f r o n t  

and  back  tube   s u r f a c e s ,   w h e r e a f t e r   i t   is  d e f l e c t e d   for   a  second  t i m e  

to  t u r n   i t   i n to   the  p h o s p h o r - c o a t e d   f r o n t   s u r f a c e .  A f t e r   unde rgo ing   t h e  

f i r s t   d e f l e c t i o n   the  e l e c t r o n   beam  is  a c c e l e r a t e d   to  the  sc reen   p o t e n t i a  

(say  12kV).  I d e a l l y ,   each  of  these   d e f l e c t i o n s   should  be  o r t h o g o n a l .  



In  r e a l i t y   though  they  are  of  the  o rder   of  45°.  This  can  be  d e d u c e d  

from  the  f a c t   t h a t   the  beam  which  emerges  from  the  f i r s t   d e f l e c t i o n  

wi l l   have  rough ly   equal   v e l o c i t y   components  in  the  h o r i z o n t a l   a n d  

v e r t i c a l   d i r e c t i o n s .   When  the  beam  is  a c c e l e r a t e d   to  the  p o t e n t i a l  

of  the  s c reen   t h i s   has  the  e f f e c t   of  i n c r e a s i n g   the  v e r t i c a l   v e l o c i t y  

component  n e a r l y   8  t imes  w i t h o u t   a f f e c t i n g   the  h o r i z o n t a l   v e l o c i t y  

component.   Thus  the  angle  of  the  beam  path   in  t h i s   r eg ion   is  a b o u t  
80°.  A  p r a c t i c a l   e f f e c t   of  t h i s   is  t h a t   in  o rder   to  d e f l e c t   t h e  

e l e c t r o n   beam  to  the  s ide  of  the  sc reen   n e a r e s t   the  e l e c t r o n   g u n ,  
the  e l e c t r o n   gun  has  to  be  o f f s e t   from  the  sc reen   by  a  d i s t a n c e   w h i c h  

w i l l   a l low  the  e l e c t r o n   beam  to  scan  the  edge  of  the  s c reen   n e a r e s t  

the  e l e c t r o n   gun  and  in  consequence   the  e n v e l o p e / f a c e   p l a t e   a rea   h a s  

to  he  much  g r e a t e r   than  the  a rea   of  the  sc reen   because  one  has  to  a l l o w  

room  for  the  e l e c t r o n   beam  to  be  d e f l e c t e d   and  execute   a  frame  scan  o f  

the  s c r e e n .   Consequen t ly   the  d i s p l a y   tube  is  u n d e s i r a b l y   b u l k y .  

However  in  Uni ted   S t a t e s   P a t e n t   S p e c i f i c a t i o n   2 , 8 3 7 , 6 9 1  

Aiken  p roposes   a  f l a t   d i s p l a y   tube  where in   an  e l e c t r o n   beam  u n d e r g o e s  
l ine   d e f l e c t i o n   as  i t   pa s ses   a long  a  f i r s t   pa th   behind  and  p a r a l l e l   t o  

a  s c r e e n ,   the  beam  is  t u rned   t h o r u g h   180°  and  passes   a long  a  s e c o n d  

path  p a r a l l e l   to  the  f i r s t   one  t h rough   a  space  between  the  s c reen   a n d  

a  p l u r a l i t y   of  v e r t i c a l l y   spaced ,   h o r i z o n t a l l y   e l o n g a t e   e l e c t r o d e s  

which  are  e n e r g i z e d   s e l e c t i v e l y   to  d e f l e c t   the  e l e c t r o n   beam  onto  t h e  

sc reen .   During  the  f i r s t   pa th   the  e l e c t r o n   beam  has  low  energy  but  i n  

the  second  path   i t   is  a c c e l e r a t e d   to  a  f i n a l   energy  of  10  keV.  T h i s  

d i f f e r e n c e   in  e n e r g i e s   is  e s s e n t i a l   because  Aiken  uses  a  s e m i - c i r c u l a r  

r e f l e c t o r   e l e c t r o d e .  I f   the  e n e r g i e s   in  the  f i r s t   and  second  p a t h s  

ware  made  the  sane  then  as  the  e l e c t r o n   beam  leaves   the  r e f l e c t o r  

e l e c t r o d e   i t   w i l l  f o c u s   and  d i v e r g e .   In  consequence  the  e l e c t r o n   beam 

would  be  unmanageable  and  could  not  be  used  for  d i s p l a y i n g   an  image  

s p a t i a l l y   c o r r e c t l y .   In  c o n t r a s t   by  having  a  high  energy  e l e c t r o n  

beam  in  the  second  path  then  u n d e s i r a b l y   high  v o l t a g e s   are  n e c e s s a r y  
to  scan  the  e l e c t r o n   beam  in  the  frame  d i r e c t i o n   and  to  d e f l e c t   i t  

onto  the  s c r e e n .  

Another  p r o p o s a l   for  a  f l a t   d i s p l a y   tube  is  d i s c l o s e d  

in  F igures   4  and  5  of  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   865,667.  T h e  

i n v e n t i o n   of  t h i s   s p e c i f i c a t i o n   r e l a t e s   to  the  f a c t   t h a t   i f   an  e l e c t r o n  

beam  is  i n j e c t e d   into  a  r e p e l l i n g   e l e c t r i c   f i e l d   between  two  p a r a l l e l  

p l ana r   e l e c t r o d e s   then  i t   w i l l   fo l low  a  p a r a b o l i c   path  l and ing   on  t h e  



p l a n a r   e l e c t r o d e   t h rough   which  the  e l e c t r o n   beam  was  i n j e c t e d ,   a t  

the  same  angle  as  the  angle   of  i n j e c t i o n .   In  o rder   to  use  t h i s  

p r i n c i p l e   in  a  f l a t   tube  i t   is  n e c e s s a r y   to  make  the  e l e c t r o n   beam 

e n t e r   a  space  between  the  f l a t   f a c e p l a t e   which  has  an  o p t i c a l l y  

t r a n s p a r e n t   e l e c t r o d e   t h e r e o n   and  a  p a r a l l e l   a r ranged   r e p e l l i n g  

e l e c t r o d e ,   as  near   as  p o s s i b l e   to  the  f a c e p l a t e .   This  is  d o n e  

by  p roduc ing   a  15  keV  e l e c t r o n   beam  which  unde rgoes   wide  a n g l e d  

l i n e   d e f l e c t i o n   and  is  d i r e c t e d   towards  a  p a r t - t o r o i d a l   c o n d u c t i v e  

e l e c t r o n   m i r ro r   which  (1)  bends  the   e l e c t r o n   beam  t h rough   2000,  (2) 

d i s p l a c e s   the  beam  from  a  r ea rward   f i e l d   f ree   space  towards   a  

l u m i n e s c e n t   t a r g e t   on  the  f a c e p l a t e   and  (3)  r ende r s   a l l   the  t r a j e c t o r y  

p l anes   of  the  r e f l e c t e d   beam  pa ths   p a r a l l e l  B y   va ry ing   the  v o l t a g e  

a p p l i e d   to  the  r e p e l l i n g   e l e c t r o d e   at  frame  f r equency ,   the  f a c e p l a t e  

e l e c t r o d e   being  held   at  a  c o n s t a n t   v o l t a g e ,   the  e l e c t r o n   beam  can  b e  

made  to  ca r ry   out  a  r a s t e r   s c a n .  

In  s p i t e   of  a l l   the  e f f o r t   which  as  been  expended  i n  

t r y i n g   to  deve lop   a  f l a t   d i s p l a y   tube ,   no  tube  is  a v a i l a b l e .   I t   i s  

t h o u g h t   t h a t   t h i s   l ack   of  success   is  due  to  a  number  of  r e a s o n s ,  

nane ly   (1)  t h a t   the  tubes   used  e l e c t r o n   beams  of  high  energy  and  i n  

consequence   h igh  v o l t a g e   s w i t c h i n g   was  r e q u i r e d   to  ach ieve   p r o p e r  

d e f l e c t i o n ,   (2)  in  the  case  of  co lour   tubes  no  s a t i s f a c t o r y   m e t h o d  

of  c o l o u r   s e l e c t i o n   was  d e m o n s t r a t e d ,   (3)  some  of  the  p r i o r   p r o p o s a l s  

are  t e c h n i c a l l y   c o m p l i c a t e d   and/  or  any  d i s p l a y   tubes  i f   p roduced  whould  

have  had  an  u n f a v o u r a b l e   s c r e e n   a rea   to  f a c e p l a t e   a rea   r a t i o ,   and  (4) 

in  o t h e r   p r o p o s a l s   the  e l e c t r o n   beam  undergoes   wide  angle   d e f l e c t i o n  

which  l eads   to  d e f l e c t i o n   a b e r r a t i o n s   r e q u i r i n g   dynamic  c o r r e c t i o n .  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  ove rcome  

the   a b o v e - n e n t i o n e d   problems  in  a  f l a t   d i s p l a y  t u b e .  

According  to  the   p r e s e n t   i n v e n t i o n   t he re   is  p rov ided   a  

d i s p l a y   tube  compr i s ing   an  envelope   i n c l u d i n g   a  f a c e p l a t e   on  which  a  

s c r e e n   is  p r o v i d e d ,   and  w i t h i n   the  enve lope ,   an  i n t e r n a l   p a r t i t i o n   s p a c e d  

from,  and  a r r anged   s u b s t a n t i a l l y   p a r a l l e l   to,   the  f a c e p l a t e ,   the  i n t e r n a l  

p a r t i t i o n   d i v i d i n g   the  enve lope   in to   a  f r o n t   p o r t i o n   a d j o i n i n g   t h e  

f a c e p l a t e   and  a  r e a r   p o r t i o n   which  communicates  with  the  f r o n t  p o r t i o n  

at   one  end  of  the  e n v e l o p e ,   means  in  the  r e a r   p o r t i o n   for   p r o d u c i n g  

a  low  energy  e l e c t r o n   beam  which  is  d i r e c t e d   towards  sa id   one  e n d ,  

means  in  the  r e a r   p o r t i o n   for   d e f l e c t i n g   the  beam  in  one  d imens ion   i n  

a  p l ane   s u b s t a n t i a l l y   p a r a l l e l   to  the  s c r een ,   means  for   p roduc ing   a n  



e l e c t r o s t a t i c   f i e l d   in  the  r e a r   p o r t i o n ,   a  r e v e r s i n g   lens  at  s a id   o n e  

end  for  d e f l e c t i n g   the  e l e c t r o n   beam  in to   the  f r o n t   p o r t i o n ,   a n  

e l e c t r o n   m u l t i p l i e r   d i s p o s e d   in  the  f r o n t   p o r t i o n   s u b s t a n t i a l l y  

p a r a l l e l   to,  but  spaced  f r o m ,  t h e   f a c e p l a t e ,   a  pos t   d e f l e c t i o n   a c c e l e -  

r a t i o n   e l e c t r o d e   on  the  s c r e e n ,   which  e l e c t r o d e   in  use  p rov ides   a n  

a c c e l e r a t i n g   e l e c t r o s t a t i c   f i e l d   between  an  o u t p u t   of  the  e l e c t r o n  

m u l t i p l i e r   and  the  s c r e e n ,   and  an  e l e c t r o d e   a r r ay   on  the  f r o n t   p o r t i o n  

side  of  the  i n t e r n a l   p a r t i t i o n ,   the  e l e c t r o d e   a r r ay   in  use  being  a r r a n g e d  

to  se t   up  an  e l e c t r o s t a t i c   f i e l d   h a v i n g  a   component  normal  to  t h e  

screen   and  adapted  to  d e f l e c t   said  low  energy  beam  in  another   d i m e n s i o n  

towards  the  input   s ide   of  the  e l e c t r o n   m u l t i p l i e r ,   the  e l e c t r o s t a t i c  

f i e l d   s e t -up   by  the  e l e c t r o d e   a r ray   being  of  c o r r e s p o n d i n g   m a g n i t u d e  

to  t h a t   produced  in  the  r e a r   p o r t i o n .  

In  the  p r e s e n t   s p e c i f i c a t i o n   by  a  "low  energy"  e l e c t r o n  

beam  is  meant  l e s s   than  1  keV  and  t y p i c a l l y   s e v e r a l   hundred  e l e c t r o n  

v o l t s .  

An  advan tage   of  us ing  an  e l e c t r o n   m u l t i p l i e r ,   s u c h  

as  a  channel   p l a t e   m u l t i p l i e r   compr is ing   a  l a m i n a t e d   s tack   of  d y n o d e s ,  

is  t h a t   the  d e f l e c t i o n   of  the  low  energy  beam  can  be  c a r r i e d   o u t  

with  r e l a t i v e l y   smal l   e l e c t r o s t a t i c   or  magnet ic   f i e l d s   which  r e q u i r e  

only  low  vo l t age   or  low  c u r r e n t   s w i t c h i n g ,   the  f i n a l   a c c e l e r a t i o n   o f  

the  beam  to  produce  the  d e s i r e d   mean  b r i g h t n e s s   t a k i n g   p lace   a f t e r  

the  beam  has  been  c u r r e n t   m u l t i p l i e d .   Such  an  a r rangement   enab les   t h e  

o p e r a t i o n   of  the  d i s p l a y   tube  to  be  t r e a t e d   in  a  modular  f a s h i o n   s o  

t h a t   for  example  the  e l e c t r o n   beam  a d d r e s s i n g   can  be  d ivo rced   f r o m  

colour   s e l e c t i o n   which  t akes   p lace   between  the  ou tpu t   of  the  e l e c t r o n  

m u l t i p l i e r   and  the  s c r e e n .  

In  F igure   8  of  B r i t i s h   Pa t en t   S p e c i f i c a t i o n   1402547 

there   is  a  s u g g e s t i o n   of  us ing   an  e l e c t r o n   m u l t i p l i e r   in  the  type  o f  

Aiken  d i s p l a y   tube  d i s c l o s e d   in  t h e  a b o v e   ment ioned  Proceed ings   o f  

the  IRE,  December  1957  pages  1599  to  1604.  Not  o n l y i s   such  a  d i s p l a y  

tube  d i f f e r e n t   in  i t s   c o n s t r u c t i o n   to  t h a t   of  the  p r e s e n t   i n v e n t i o n  

but  a l so   i t   would  s u f f e r   from  a  number  of  d i s a d v a n t a g e s .   Because  

low  vo l t age   ( less   than  1  keV)  a d d r e s s i n g   is  g e n e r a l l y   used  with  a  

c u r r e n t   m u l t i p l i e r   then  in  an  Aiken  d i s p l a y   tube  in  which  the  b e a m  i s  

a c c e l e r a t e d   to  s c r een   p o t e n t i a l   ( t y p i c a l l y   12kV)  a f t e r   the  f i r s t  

d e f l e c t i o n ,   the  beam  would  have  too  h igher   v o l t a g e   to  be  a d d r e s s e d  

using  low  v o l t a g e s .  



Now,  if   the  Aiken  tube   is  o p e r a t e d   at  low  v o l t a g e s  

such  t h a t   the  e l e c t r o n   beam  is  at  100  eV  and  the  sc reen   p o t e n t i a l  

is  at  1.2  kV,  s u b s t a n t i a l l y   the  same  c o n s i d e r a t i o n s   would  apply  a s  

mentioned  above  l e a d i n g   to  a  u s e f u l   s c r e e n   a rea   of  about   50% 

of  the  f a c e p l a t e   a rea   which  is  u n d e s i r a b l e   for   a  s o - c a l l e d   compac t  

d i s p l a y   tube .   Another  drawback  is  t h a t   i t   is  d i f f i c u l t   to  t r a n s p o r t  

a  100  eV  e l e c t r o n   beam  because   of  the   magne t i c   e f f e c t s   of  the  e a r t h ' s  

f i e l d   on  the  e l e c t r o n   beam.  Thus  even  i f   a  channel   p l a t e   e l e c t r o n  

m u l t i p l i e r   is  f i t t e d   in  such  a  d i s p l a y   tube  as  sugges t ed   in  F igure   8 

of  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   1 , 4 0 2 , 5 4 7 ,   such  a  tube  would  h a v e  

the  d i s a d v a n t a g e s   of  only  about   50%  of  the  f a c e p l a t e   a rea   would  b e  

u s e f u l   and  a d d i t i o n a l l y   the  l o w - e n e r g y   e l e c t r o n   beam  would  b e  

d i f f i c u l t   to  hand le .   F u r t h e r m o r e ,   i t   is  a n t i c i p a t e d   t h a t   a  l a rge   number 

of  dynamic  c o r r e c t i o n s   would  be  n e c e s s a r y   because  of  the  beam  f o l l o w i n g  

a  second  pa th   which  is  i n c l i n e d   r e l a t i v e   to  the  edge  of  the  s c r e e n .  

There  would  a l so   be  p rob lems   in  o b t a i n i n g   an  a d e q u a t e l y   small   s p o t  

s ize   because   a  l o w - v o l t a g e   e l e c t r o n   beam  would  a l so   have  to  be  a  

l o w - c u r r e n t   one  to  avoid  the  e l e c t r o n   beam  b lowing-up   due  to  s p a c e  

charge  e f f e c t s .   A d d i t i o n a l l y ,   because   the  beam  would  have  to  b e  

a c c e l e r a t e d   to  1.2  keV,  then  the  frame  scann ing   has  to  be  c a r r i e d   o u t  

at  1  kV  r a t h e r   than  say  at  10  kV.  C o n s e q u e n t l y   t h i s   s u g g e s t i o n   i n  

Figure   8  of  S p e c i f i c a t i o n   1 ,402 ,547   would  not  lead  to  a  p r a c t i c a l  

d i s p l a y   t u b e .  

In  an  embodiment  of  the   i n v e n t i o n   the  r e v e r s i n g   l e n s  

compr ises   a  r e p e l l e r   e l e c t r o d e   mounted  at   the  one  end  of  the  e n v e l o p e  

and  a  c o o p e r a t i n g   e l e c t r o d e   on  the  i n t e r n a l   p a r t i t i o n .   The  r e p e l l e r  

e l e c t r o d e   is  d i s p o s e d   s y m m e t r i c a l l y   w i th   r e s p e c t   to   the  i n t e r n a l   p a r t i t i o n  

and  compr ises   a  channel   shaped  member  wi th   f l a t   s ides   and  square   o r  

rounded  c o r n e r s .   Con t ra ry   to  g e n e r a l   e x p e c t a t i o n s   a  channel   s h a p e d  

member  p r o v i d e s   a  b e t t e r   shaped  l ens   f i e l d   than  a  curved  member.  I n  

o rder   to  c o r r e c t   for   any  asymmetry  in  the  p o s i t i o n i n g   of  t h e  

r e v e r s i n g   l e n s ,   for   example  due  to  the  r e p e l l e r   e l e c t r o d e   not  d i s p o s e d  

s y m m e t r i c a l l y   wi th   r e s p e c t   to  the  i n t e r n a l   p a r t i t i o n ,   a  c o r r e c t i o n  

e l e c t r o d e   is  p rov ided   on  the  f r o n t   p o r t i o n   of  the  i n t e r n a l   p a r t i t i o n  

a d j a c e n t   the  one  end  of  the  e n v e l o p e .  

The  e l e c t r o d e   a r r a y   compr i se s   a  p l u r a l i t y   of  e l o n g a t e  

e l e c t r o d e s   a r r anged   on  the  i n t e r n a l   p a r t i t i o n   in  a  d i r e c t i o n   t r a n s v e r s e  

to  the  pa th   of  the  e l e c t r o n   beam.  I f   d e s i r e d   the  e l o n g a t e   e l e c t r o d e s  



may  be  bowed  by  an  amount  s u f f i c i e n t   to  coun te r   the  e f f e c t   of  t h e  

v a r i a t i o n   in  the  forward  component  of  the  v e l o c i t y   of  the  e l e c t r o n  

beam  as  i t   l eaves   the  r e v e r s i n g   l e n s .   The  he igh t   of  the  e l o n g a t e  

e l e c t r o d e s   may  be  de t e rmined   in  a cco rdance   with  the  width  of  the  s p a c e  
between  the  e l e c t r o d e   a r ray   and  the  i npu t   s u r f a c e   of  the  e l e c t r o n  

m u l t i p l i e r -   the  width   to  h e i g h t   r a t i o   l ay ing   between  1.5:1  and  2 . 0 : 1 .  

In  o p e r a t i o n   the  e l o n g a t e   e l e c t r o d e s   are  e n e r g i s e d   in  a  sequence  such  t h a t  

the  e l e c t r o s t a t i c   f i e l d   shows  a  change  p r o g r e s s i n g   in  a  d i r e c t i o n   f r o m  

the  one  end  to  t h e   o the r   end  of  the  e n v e l o p e .  

If  d e s i r e d   c o r r e c t o r   p l a t e s   may  be  d i sposed   between  t h e  

e l e c t r o n   beam  p roduc ing   means  and  the  d e f l e c t i n g   means,  for   p r o d u c i n g  

an  e l e c t r o s t a t i c   f i e l d   having  a  component  normal  to  the  s c r een   i n  

order   to  a d j u s t   the  path  of  the  e l e c t r o n   beam  for  any  m i s a l i g n m e n t  

of  the  e l e c t r o n   beam  p roduc ing   m e a n s .  

The  d e f l e c t i n g   means  d e f l e c t s   the  e l e c t r o n   beam  over  a n  

arc  which  is  nar rower   than  the  w id th   of  the  sc reen   and  t h e  

angula r   d e f l e c t i o n   of  the  beam  is  m a i n t a i n e d   a f t e r   the  e l e c t r o n   beam 

has  been  d e f l e c t e d   in to   the  f r o n t   p o r t i o n   by  the  r e v e r s i n g   l e n s .  

By  d e f l e c t i n g   the  beam  over  a  narrow  angle   r a t h e r   than  a  wide  one  as  i s  

done  in  some  examples  of  the  p r i o r   a r t   then  d e f l e c t i o n   a b e r r a t i o n s  

are  reduced  or  avoided  a l t o g e t h e r .  

If   d e s i r e d   the  means  for   p roduc ing   a  low  energy  e l e c t r o n  

beam  may  comprise   an  a s t i g m a t i c   e l e c t r o n   g u n .  
The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way 

of  example,   with  r e f e r e n c e   to  the  accompanying  d rawings ,   w h e r e i n  

Figure   1  is  a  d i a g r a m m a t i c   c ross   s e c t i o n   th rough   a n  
embodiment  of  the  p r e s e n t   i n v e n t i o n ,  

F igure   2  is  a  d i ag ram  i l l u s t r a t i n g   in  broken  l i n e s  

th ree   e l e c t r o n   beam  paths   from  the  l i n e   d e f l e c t o r   to  an  inpu t   s i d e  

of  a  l amina t ed   dynode  e l e c t r o n   m u l t i p l i e r ,  

F igure   3  is  a  d i a g r a m m a t i c   view  of  the  d i s p l a y   t u b e  

with  the  f a c e p l a t e   and  e l e c t r o n   m u l t i p l i e r   broken  away  to  show 

the  frame  d e f l e c t i o n   e l e c t r o d e s ,   a n d  

Figure  4  are  waveform  diagrams  of  the  v o l t a g e s   a p p l i e d  

to  s u c c e s s i v e   frame  d e f l e c t i o n   e l e c t r o d e s .  

In  the  drawings  c o r r e s p o n d i n g   r e f e r e n c e   numerals   h a v e  

been  used  to  r e f e r   to  the  sane  p a r t s .  

The  f l a t   d i s p l a y   tube  10  comprises   an  envelope  12 



i n c l u d i n g   an  o p t i c a l l y   t r a n s p a r e n t ,   p l a n a r   f a c e p l a t e   14.  On  the  i n s i d e  

of  the  f a c e p l a t e   14  is  a  phosphor   s c r een   16  wi th   a  pos t   d e f l e c t i o n  

a c c e l e r a t i o n   (PDA)  e l e c t r o d e   18  t h e r e o n .  

For  conven ience   of  d e s c r i p t i o n ,   the  i n t e r i o r   of  t h e  

enve lope   12  is  d i v i d e d   in  a  p lane   p a r a l l e l   to  the  f a c e p l a t e   14  by 

an  i n t e r n a l   p a r t i t i o n   or  d i v i d e r   20  to  form  a  f r o n t   p o r t i o n   22  a n d  

a  r e a r   p o r t i o n   24.  The  d i v i d e r   20,  which  compr i ses   an  i n s u l a t o r   such  a s  

g l a s s   ex tends   for   s u b s t a n t i a l l y   a  major  p a r t   of  the  h e i g h t   of  t h e  

enve lope   12.  A  p l a n a r   e l e c t r o d e   26  is  p r o v i d e d   on  a  r e a r   side  of  t h e  

d i v i d e r   20.  The  e l e c t r o d e   26  ex tends   over  the  exposed  edge  of  t h e  

d i v i d e r   20  and  c o n t i n u e s   for   a  s h o r t   d i s t a n c e   down  i t s   f r o n t   s i d e .  

Another   e l e c t r o d e   28  is  p rov ided   on  the  i n s i d e   s u r f a c e   of  a  r e a r   w a l l  

of  the  enve lope   12 .  

Means  30  for   p roduc ing   an  upwardly   d i r e c t e d   e l e c t r o n  

beam  32  is  p rov ided   in  the  r e a r   p o r t i o n   24  a d j a c e n t   a  lower  edge  

of  the  envelope   12.  The  means  30  may  be  an  e l e c t r o n   gun  of  the  h o t  

or  cold   ca thode   type .   An  upwardly  d i r e c t e d   e l e c t r o s t a t i c   l i ne   d e f l e c t o r  

34  is  spaced  by  a  s h o r t   d i s t a n c e   from.  the  f i n a l   anode  

of  the  e l e c t r o n   beam  p r o d u c i n g   means  30  and  is  a r r anged   s u b s t a n t i a l l y  

c o a x i a l l y   t h e r e o f .   I f   d e s i r e d   the  l i n e   d e f l e c t o r   32  may  be  e l e c t r o -  

m a g n e t i c .  

At  the  upper  end  of  the  i n t e r i o r   of  the  envelope  12 

the re   is  p rov ided   a  r e v e r s i n g   lens   36  c o m p r i s i n g   an  i n v e r t e d   t r o u g h -  

l i k e   e l e c t r o d e   38  which  is  spaced  above  and  d i s p o s e d   s y m m e t r i c a l l y  

wi th   r e s p e c t   to  the  upper   edge  of  the   d i v i d e r   20.  By  m a i n t a i n i n g  

a  p o t e n t i a l   d i f f e r e n c e   between  the  e l e c t r o d e s   26  and  38  t h e  

e l e c t r o n   beam  32  is  r e v e r s e d   in  d i r e c t i o n   w h i l s t   c o n t i n u i n g   a l o n g  

the  same  angu la r   pa th   from  the  l i n e   d e f l e c t o r   34  (see  Figure  2 ) .  

On  the  f r o n t   s ide   of  the   d i v i d e r   20  t h e r e   are  p r o v i d e d  

a  p l u r a l i t y   of  l a t e r a l l y   e l o n g a t e ,   v e r t i c a l l y   spaced  e l e c t r o d e s   o f  

which  the  uppermost   e l e c t r o d e   40  may  be  nar rower   and  acts   as  a  

c o r r e c t i o n   e l e c t r o d e   as  w i l l   be  d e s c r i b e d   l a t e r   (see  Figure  3).  The 

o t h e r   e l e c t r o d e s   42  are  s e l e c t i v e l y   e n e r g i s e d   to  p rov ide   f rame 

d e f l e c t i o n   of  the  e l e c t r o n   beam  32  onto  the  i npu t   s u r f a c e   of  a  l a m i n a t e d  

dynode  e l e c t r o n   m u l t i p l i e r   44.  The  l a m i n a t e d   dynode  e l e c t r o n   m u l t i p l i e r  

44  and  i t s   o p e r a t i o n   is  d e s c r i b e d   in  a  number  of  p u b l i s e d   p a t e n t  

s p e c i f i c a t i o n s   of  which  B r i t i s h   p a t e n t   s p e c i f i c a t i o n s   1 , 4 0 1 , 9 6 9  

(PHB  32212),   1 ,434 ,053   (PHB  32324)  and  2023332A  (PHB  32626)  are  but   a  



few  examples .   Accord ing ly   the  d e t a i l s   of  the  e l e c t r o n   m u l t i p l i e r   44 

w i l l   not  be  d e s c r i b e d   in  d e t a i l .   However  for  those   not  f a m i l i a r   w i t h  

t h i s   type  of  e l e c t r o n   m u l t i p l i e r   i t   comprises   a  s t a ck   of  s p a c e d  

a p a r t ,   a p e r t u r e d   mild  s t e e l   p l a t e s   held  at  p r o g r e s s i v e l y   h i g h e r  

v o l t a g e s .   The  a p e r t u r e s   in  the  p l a t e s   are  a l i g n e d   and  con t a in   a  

s econdary   e m i t t i n g   m a t e r i a l .   An  e l e c t r o n   s t r i k i n g   the  wall   of  a n  

a p e r t u r e   in  a  f i r s t   dynode  produces   a  number  of  secondary   e l e c t r o n s ,  

each  of  which  on  impac t ing   wi th   the  wall   of  an  a p e r t u r e   in  a  s e c o n d  

dynode  produces   more  s e c o n d a r y   e l e c t r o n s ,   and  so  o n .  

The  s t r eam  of  e l e c t r o n s   l e a v i n g   the  f i n a l   dynode  are  a c c e l e r a t e d  

towards   the  sc reen   16  by  an  a c c e l e r a t i n g   f i e l d   being  m a i n t a i n e d  

between  the  ou tpu t   of  the  e l e c t r o n   m u l t i p l i e r   44  and  the  p o s t  

d e f l e c t i o n   a c c e l e r a t i o n   e l e c t r o d e   18 .  

In  the  o p e r a t i o n   of  the  d i s p l a y   tube  the  f o l l o w i n g  

t y p i c a l   v o l t a g e s   are  a p p l i e d   r e f e r e n c e   being  made  to  OV,  the  c a t h o d e  

p o t e n t i a l   of  the  e l e c t r o n   gun  30.  The  e l e c t r o d e s   26,  28  in  the  r e a r  

p o r t i o n   24  of  the  envelope   12  are  at  400V  to  d e f i n e   a  f i e l d   f ree   s p a c e  
in  which  l ine   d e f l e c t i o n   t akes   p lace   with  p o t e n t i a l   charges   of  a b o u t  

+  30V  a p p l i e d   to  the  l i n e   d e f l e c t o r s   34.  As  the  a n g u l a r   d e f l e c t i o n  

of  the  e l e c t r o n   beam  c o n t i n u e s   a f t e r   a  r e f l e c t i o n   of  1800  in  t h e  

r e v e r s i n g   lens  36  then  the  maximum  angles   need  only  be  abou t  +   200 .  

The  t r o u g h - l i k e   e l e c t r o d e   38  of  the  r e v e r s i n g   lens   is  at   0V  compared  

to  the  400V  of  the  e x t e n s i o n   of  the  e l e c t r o d e   26  over  the  top  e d g e  

of  the  d i v i d e r   20.  The  i n p u t   s u r f a c e   of  the  e l e c t r o n   m u l t i p l i e r  

44  is  at  400  V  w h i l s t   at  the  beg inn ing   of  each  frame  scan  t h e  

e l e c t r o d e s   42  are  at  0V  but   are  brought   up  to  400V  in  a  sequence  to  b e  

d e s c r i b e d   so  t h a t   the  e l e c t r o n   beam  32  in  the  f r o n t   p o r t i o n   22  i s  

i n i t i a l l y   d e f l e c t e d   i n to   the  topmost   a p e r t u r e s   of  the  e l e c t r o n  

m u l t i p l i e r   44,  s u b s e q u e n t l y   the  e l e c t r o d e s   42  are  b rought   up  to  400V 

to  form  a  f i e l d   f ree   space  wi th   the  e l e c t r o n   m u l t i p l i e r   44  and  the  e l e c -  

t ron   beam  is  d e f l e c t e d   towards   the  e l e c t r o n   m u l t i p l i e r   44  in  the  v i c i n i t y  

of  the  next   e l e c t r o d e   42  in  the  group  to  be  at  OV.  The  landing   angles   6 

of  the  e l e c t r o n   beam  32  are  f a i r l y   c o n s t a n t   over  the  input   s ide  o f  

the  e l e c t r o n   m u l t i p l i e r ,   t hese   angles   being  between  30°  and  4 0 0 .  

The  v o l t a g e   across   each  dynode  of  the  e l e c t r o n   m u l t i p l i e r   44  is  t y p i c a l l y  

+  300V  per  s tage  a l t hough   the  p r e c i s e   vo l t age   depends  on  the  s e c o n d a r y  

e m i t t e r   used  and  could  be  as  high  as  500V.  Thus  for  a  10  dynode  n u l t i p l i e r  



the  t o t a l   p o t e n t i a l   d i f f e r e n c e   is  3.0  kV  which,   a l lowing  for  the  400V 

on  the  input   s ide   of  the  m u l t i p l i e r ,   means  t h a t   the  p o t e n t i a l   a t  

the  ou tpu t   s ide   is  equal   to  3.4  kV.  The  PDA  e l e c t r o d e   18  is  t y p i c a l l y  

at   a  p o t e n t i a l   of  11  kV  to  form  an  a c c e l e r a t i n g   f i e l d   between  t h e  

ou tpu t   s ide   of  the  e l e c t r o n   m u l t i p l i e r   44  and  the  sc reen   16.  

In  o rde r   to  be  able  to  c a r r y   out   a  r e c e n t a n g u l a r   r a s t e r  

scan  ac ross   the  i npu t   s ide   of  the  e l e c t r o n   m u l t i p l i e r   44  i t   is  n e c e -  

s sa ry   to  apply  a  t r a p e z i u m   c o r r e c t i o n   to  the  l i n e   scan  so  t h a t   t h e  

e l e c t r o n   beam  32  can  f o l l ow   say  the  v e r t i c a l   edge  of  the  e l e c t r o n  

m u l t i p l i e r   as  shown  in  the  l e f t   hand  h a l f   of  F igure   2.  The  t r a p e z i u m  

c o r r e c t i o n   is  a p p l i e d   d y n a m i c a l l y   to  the  l i n e   d e f l e c t o r   34  to  r e d u c e  

the  acute   angle  t h a t   the  e l e c t r o n   beam  32  makes  with  the  v e r i c a l   as  t h e  

e l e c t r o n   beam  p r o g r e s s e s   l i n e   by  l i n e   in  the  frame  d i r e c t i o n .   In  t h e  

case  of  a  10  inch  (25  cm)  d i a g o n a l   s c r e e n   the  maximum  scan  ang les   f o r  

the  top  and  bot tom  of  the  s c r een   are  +  20°  and  +  13° ,   r e s p e c t i v e l y .  

R e f e r r i n g   to  F igure   4,  the  t im ing   of  the  commencement  o f  

e n e r g i s a t i o n   of  the  e l e c t r o d e s   42  is  chosen  to  s u i t   the  tube  and  i t s  

a p p l i c a t i o n .   However  fo r   a  t e l e v i s i o n   r a s t e r ,   e x p e r i m e n t a l   work  s o  

f a r   s u g g e s t s   t h a t   a  s u i t a b l e   t iming   cyc le   is  to  commence  with  t h e  

f i r s t   e l e c t r o d e   42  a t   V/2  (200  V  in  the  p r e s e n t   exanple)   and  t h e  

second  e l e c t r o d e   42  at   0  v o l t s .   Both  e l e c t r o d e s   are  then  e n e r g i s e d  

so  t ha t   t h e i r   v o l t a g e s   i n c r e a s e   l i n e a r l y   wi th   t i n e  -   see  curves  A  a n d  

B.  As  curve  A  r e a c h e s   V  and  curve  B  r e a c h e s   V/2  then  the  next   e l e c t r o d e   42 

commences  i t s   e n e r g i s a t i o n  -   see  curve  C.  I n  c o n s e q u e n c e   for   the  f r a m e  

scan  the  p o t e n t i a l s   of  two  a d j a c e n t   e l e c t r o d e s   c o n t r i b u t e   to  t h e  

e l e c t r o s t a t i c   f i e l d .   To  o b t a i n   a  l i n e a r   scan  wi th   t h i s   form  o f  

e n e r g i s a t i o n ,   i t   is  n e c e s s a r y   to  choose  the   r a t i o   of  the  width  of  t h e  

space  22  to  the  h i e g h t   of  the   e l e c t r o d e s   42  to  be  about  1 .5 :1 .   I f  

for   some  r ea son   a  d i f f e r e n t   r a t i o   is  r e q u i r e d   then  a  l i n e a r   scan  m u s t  

be  o b t a i n e d   by  some  o t h e r   means.  For  example  wi th   a  r a t i o   of  2:1  t h e  

v o l t a g e s   on  t h r e e   a d j a c e n t   e l e c t r o d e s   can  be  v a r i e d   in  a  l i n e a r   m a n n e r .  

A l t e r n a t i v e l y   shap ing   of  the  waveforms  must  be  c a r r i e d   out.  As  i s  

e v i d e n t   from  the  f o r e g o i n g   d e s c r i p t i o n   the  l i n e   and  frame  scans  a r e  

pu re ly   for   the  pu rposes   of  a d d r e s s i n g   the  e l e c t r o n   beam  to  the  i n p u t  

s ide   of  the  e l e c t r o n   m u l t i p l i e r   44.  Consequen t l y   the  primary  beam  c u r r e n t  

can  be  sma l l ,   t y p i c a l l y   1/uA.  However  in  o rde r   to  ob ta in   a  good  c r o s s  

s e c t i o n a l   shape  for   the  i n c i d e n t   beam  an  a s t i g m a t i c   e l e c t r o n   gun  30  c a n  

be  p rov ided   to  complement  the  d i f f e r e n t   h o r i z o n t a l   and  v e r t i c a l   f o c u s i n g .  



In  the  case  of  a  10  inch  (25  cm)  d i s p l a y   tube  no  dynamic  f o c u s i n g  

c o r r e c t i o n s   are  needed  but  t h i s   may  not  always  he  t rue   for  l a r g e r  

s i z e s   of  d i s p l a y   t u b e s .  

The  mean  b r i g h t n e s s   of  the  d i s p l a y   on  the  s c reen   16  i s  

c o n t r o l l e d   by  the  gain  of  the  channel   p l a t e   e l e c t r o n   m u l t i p l i e r   44 

and  the  p o t e n t i a l   on  the  f i n a l   viewing  s c r e e n .   By  t h i s   means  t h e  

problems  of  the  space  charge   e f f e c t s   on  a  low  energy  beam  are  a v o i d e d .  

Consequen t l y   the  b r i g h t n e s s   can  be  made  very  high  w i t h o u t   any  a d v e r s e  

e f f e c t   on  the  spot   s i z e .   Local  b r i g h t n e s s   v a r i a t i o n s   in  r e s p o n s e  

to  an  app l i ed   s i g n a l   are  e f f e c t e d   on  the  g r id   of  the  e l e c t r o n   g u n .  

R e f e r r i n g   to  F igures   1  and  3,  o the r   p o i n t s   to  note  i n  

the  i l l u s t r a t e d   d i s p l a y   tube  are  t h a t   the  t r o u g h - l i k e   r e f l e k t o r  

e l e c t r o d e   38  comprises   f l a t   s u r f a c e s   with  square   or  s l i g h t l y   r o u n d e d  

c o r n e r s   in  o rder   to  o b t a i n   the  d e s i r e d   lens  f i e l d .   A d d i t i o n a l l y   t h e  

e l e c t r o d e   38  should  be  p o s i t i o n e d   s y m r e t r i c a l l y   wi th   r e s p e c t   to  t h e  

d i v i d e r   20  and  at  a  s u i t a b l e   d i s t a n c e   t h e r e f o r m   s o t h a t   the  beam 

having  been  d e f l e c t e d   t h rough   1 8 0   remains   s u b s t a n t i a l l y   p a r a l l e l   i n  

the  f r o n t   r e g i o n .   This  d i s t a n c e   should  be  about   0,75  of  the  width   o f  

the  r e a r   r e g i o n .   However,  as  a  p r e c a u t i o n   a g a i n s t   m i s a l i g n m e n t   o f  

the  e l e c t r o d e   38  which  would  lead  to  the  beam  32  not  being  c e n t r a l  

or  not  emerging  p a r a l l e l   to  the  plane  of  the  s c r een   the  c o r r e c t i o n  

e l e c t r o d e   40  is  p rov ided   and  a  c o r r e c t i o n   v o l t a g e   is  a p p l i e d .   In  t h e  

case  of  the  i l l u s t r a t e d   tube  having  a  10  inch  (25  cm)  d i a g o n a l   d i s p l a y ,  

to  c o r r e c t   f o r  +   1  mm  s h i f t   of  the  t rough  e l e c t r o d e   normal  to  t h e  

e l e c t r o n   m u l t i p l i e r   44  would  r e q u i r e   a  c o r r e c t i o n   v o l t a g e   of  a b o u t  

+  60  v o l t s   to  be  a p p l i e d   to  the  e l e c t r o d e   40.  S i m i l a r l y   i f   t h e  

i n t e r n a l   p a r t i t i o n   20  is  o f f - c e n t r e   by  up  to  +  1  mm  then  the  e f f e c t  

of  t h i s   can  be  c o r r e c t e d   by  a  vo l t age   of  a b o u t  +   35  v o l t s   on  t h e  

c o r r e c t i o n   e l e c t r o d e   4 0 .  

In  o rder   to  coun te r   the  e f f e c t   t h a t   the  l i n e  o f   the  l i n e  

scanned  e l e c t r o n   beam  is  s l i g h t l y   bowed  r a t h e r   than  s t r a i g h t   a f t e r  

the  180°  r e f l e c t i o n   by  the  r e v e r s i n g   lens  36,  the  e l e c t r o d e s   42  a r e  

s l i g h t l y   bowed  in  the  o p p o s i t e   d i r e c t i o n .   The  bowing  of  the  l i n e   i s  

due  at  l e a s t   in  p a r t   to  the  e l e c t r o n   beam  being  s lower  in  i t s   f o r w a r d  

d i r e c t i o n   as  i t   l eaves   the  r e v e r s i n g   lens  so  t h a t   i t   is  nore  r e a d i l y  

tu rned   over  and  s t r i k e s   the  e l e c t r o n   m u l t i p l i e r   44  sooner ,   p a r t i c u l a r l y  

at  the  edges.   The  degree   of  c u r v a t u r e   of  the  e l e c t r o d e s   42  has  b e e n  

e x a g g e r a t e d   in  Figure   3  but  for  say  a  10  inch  (25  cm)  d i a g o n a l   d i s p l a y  



tube  the  c u r v a t u r e   of  the  upper  edge  is  such  t h a t   t h e r e   is  about   3  mm 

d i f f e r e n c e   between  the  c e n t r e   and  the  ends  and  for   the  lower  edge  t h i s  

d i f f e r e n c e   is  about   2  mm. 

Other  r e f i n e m e n t s   which  may  be  i n c o r p o r a t e d   in to   t h e  

d i s p l a y   tube  but  which  are  not  shown  in  the  drawings  i nc lude   c o r r e c t o r  

p l a t e s   for   d e f l e c t i n g   the  pa th   of  the  e l e c t r o n   beam  in  a  p lane   p e r p e n d i -  

cu la r   to  the  s c r een   as  i t   l eaves   the  e l e c t r o n   beam  p roduc ing   means  30 

but  before   i t   r e a c h e s   the  l i n e   d e f l e c t o r   34  in  o rder   to  coun t e r   a n y  

mi sa l i gnmen t   of  the  e l e c t r o n   beam  p roduc ing   means  30.  One  or  more  

f e e l e r   e l e c t r o d e s   may  be  p rov ided   on  the  r e a r   s ide   of  the  d i v i d e r   20 

to  sense  the  p o s i t i o n   of  the  e l e c t r o n   beam  32  as  i t   scans  a r c u a t e l y  

acrcss   the  e l e c t r o d e   38.  In  consequence   any  p o s i t i o n a l   e r r o r   in  t h e  

scan  can  be  sensed   and  a p p r o p r i a t e   c o r r e c t i n g   v o l t a g e s   a p p l i e d   to  t h e  

c o r r e c t   p l a t e s .   This  w i l l   ensure   t h a t   the   beam  always  e n t e r s   t h e  

c e n t r a l   p a r t   of  the  r e v e r s i n g   l e n s .  

In  the  embodiment  shown  in  the  d rawings ,   the  e l e c t r o n  

beam  p r o d u c i n g   means  30  and  l i n e   d e f l e c t o r   34  have  been  shown  d i s p o s e d  

at  the  lower  end  of  the  enve lope   12  and  the  r e v e r s i n g   lens  36  a t   t h e  

top  end  of  the  enve lope   12.  However  in  an  a l t e r n a t i v e ,   n o n - i l l u s t r a t e d  

embodiment  the  beam  p roduc ing   means  30  and  the  l i n e   d e f l e c t o r   34  c a n  

be  a r r anged   a t   the  top  end  of  the  enve lope   12  wi th   the  r e v e r s i n g   l e n s  

at  the  bo t tom  end.  In  o rder   to  c a r r y   out   frame  d e f l e c t i o n   i t   i s  

necessa ry   a t   the  commencement  of  each  scan  to  have  a l l   the  e l e c t r o d e s  

42  at  400  V  to  p rov ide   a  f i e l d   f r e e   space  between  them  and  t h e  

e l e c t r o n   m u l t i p l i e r   44  and  then  to  b r ing   each  e l e c t r o d e   42  in  t u r n  

down  to  zero   v o l t s   commencing  at   the  top  to  d e f l e c t   the   e l e c t r o n   beam 

32  onto  the  i n p u t   of  the  e l e c t r o n   m u l t i p l i e r   4 4 .  

In  c o n s t r u c t i n g   the  tube  envelope   the  f a c e p l a t e   14  i s  

of  a  f l a t ,   toughened   g l a s s   w h i l s t   the  r emainder   of  the  enve lope   12 

can  be  of  g l a s s   or  me ta l .   Known  g l a s s   to  g l a s s   and  g l a s s   to  m e t a l  

sea ls   can  be  used  for   s e a l i n g   the  two  p a r t s   t o g e t h e r   in  a  vacuum  t i g h t  

f a sh ion .   For  a  10  to  13  inch  (25  to  32.5  cm)  d i a g o n a l   tube  the  t o t a l  

t h i c k n e s s   could   be  of  the  o rder   of  5  to  6  cm.  Fur thermore   s ince   a l l   t h e  

scan  d e f l e c t i o n s   take  p lace   at  low  v o l t a g e   the  power  r e q u i r e d   to  d r i v e  

such  a  tube   is  q u i t e   low,  about  5  w a t t s .  

An  advantage  of  having  the  e l e c t r o n   m u l t i p l i e r   44 

s e p a r a t i n g   the  a d d r e s s i n g   p a r t   of  the  tube  and  the  v i s i b l e   d i s p l a y  

pa r t   of  the   tube  is  t h a t   a l t e r a t i o n s   to  the  per formance   of  one  p a r t   d o e s  



not  g e n e r a l l y   a f f e c t   the  o ther   p a r t   which  p r o v i d e s   a  degree   of  f r e e d o m  

not  a v a i l a b l d   to  the  d e s i g n e r s   of  the  d i s p l a y   tubes   ment ioned  i n  

the  preamble  of  the  s p e c i f i c a t i o n .   This  e x t r a   degree   of  f reedom  i s  

u s e f u l   when  i t   comes  to  colour   s e l e c t i o n .   Two  t e c h n i q u e s   which  a r e  

c o n s i d e r e d   p o s s i b l e   are  d i s c l o s e d   in  B r i t i s h   Pa t en t   S p e c i f i c a t i o n s  

1 ,446,774  (PHB  32.320)  and  1 ,452,554  (PHB  32.429)  d e t a i l s   of  which  a r e  

i n c o r p o r a t e d   by  way  of  r e f e r e n c e   and  a  f u r t h e r   t e c h n i q u e   p r o v i d i n g   a  
l i m i t e d   range  of  co lou r s   is  to  use  a  "pene t ron"   type  s c reen   w h i c h  

compr i ses   2  or  3  l a y e r s   of  phosphors   each  of  which  lumesces  in  r e s p o n s e  
to  d i f f e r e n t   e n e r g i e s   of  the  e l c t r o n   beam  when  a c c e l e r a t e d   from  t h e  

e l e c t r o n   m u l t i p l i e r   4 4 .  



1.  A  d i s p l a y   tube   c o m r p i s i n g   an  envelope  i n c l u d i n g   a  f a c e p l a t e  

on  which  a  sc reen   is  p r o v i d e d ,   and  w i t h i n   the  enve lope ,   an  i n t e r n a l  

p a r t i t i o n   spaced  from,  and  a r r a n g e d   s u b s t a n t i a l l y   p a r a l l e l   to ,   t h e  

f a c e p l a t e ,   the  i n t e r n a l   p a r t i t i o n   d i v i d i n g   the  envelope  i n to   a  f r o n t  

p o r t i o n   a d j o i n i n g   the  f a c e p l a t e   and  a  r e a r   p o r t i o n   which  communica tes  

wi th   the  f r o n t   p o r t i o n   at  one  end  of  the  envelope ,   means  in  the  r e a r  

p o r t i o n   for  p roduc ing   a  low  energy   e l e c t r o n   beam  which  is  d i r e c t e d  

towards  sa id   one  end,  means  in  the  r e a r   p o r t i o n   for   d e f l e c t i n g   the  beam 

in  one  dimension  in  a  p l ane   s u b s t a n t i a l l y   p a r a l l e l   to  the  s c r e e n ,   means 

for   p roduc ing   an  e l e c t r o s t a t i c   f i e l d   in  the  r e a r   p o r t i o n ,   a  r e v e r s i n g  

lens  at  sa id   one  end  for   d e f l e c t i n g   the  e l e c t r o n   beam  in to   the  f r o n t  

p o r t i o n ,   an  e l e c t r o n   m u l t i p l i e r   d i s p o s e d   in  the  f r o n t   p o r t i o n   s u b s t a n -  

t i a l l y   p a r a l l e l   to ,   bu t   spaced   from,  the  f a c e p l a t e ,   a  pos t   d e f l e c t i o n  

a c c e l e r a t i o n   e l e c t r o d e   on  the  s c r e e n ,   which  e l e c t r o d e   in  use  p r o v i d e s  

an  a c c e l e r a t i n g   e l e c t r o s t a t i c   f i e l d   between  an  ou tpu t   of  the  e l e c t r o n  

m u l t i p l i e r   and  the  s c r e e n ,   and  an  e l e c t r o d e   a r r ay   on  the  f r o n t   p o r t i o n  

s ide   of  the  i n t e r n a l   p a r t i t i o n ,   the   e l e c t r o d e   a r ray   in  use  b e i n g  

a r r a n g e d   to  s e t   up  an  e l e c t r o s t a t i c   f i e l d   having  a  component  n o r m a l  

to  the  s c reen   and  a d a p t e d   to  d e f l e c t   s a id   low  energy  beam  in  a n o t h e r  

d imens ion   towards  the   i n p u t   s i de   of  the  e l e c t r o n   m u l t i p l i e r ,   the  e l e c -  

t r o s t a t i c   f i e l d   s e t - u p   by  the   e l e c t r o d e   a r r ay   being  of  c o r r e s p o n d i n g  

magni tude   to  t h a t   p roduced   in  the  r e a r   p o r t i o n .  

2.  A  d i s p l a y   tube   as  c l a imed   in  Claim  1,  where in   the  low 

energy  e l e c t r o n   beam  has  an  energy   of  l ess   than  1  keV. 

3.  A  d i s p l a y   tube   as  c la imed   in  Claim  1  or  2,  wherein  t h e  

e l e c t r o n   m u l t i p l i e r   compr i s e s   a  channel   p l a t e   m u l t i p l i e r   formed  by  a  

l a m i n a t e d   s t ack   of  d y n o d e s .  

4.  A  d i s p l a y   tube  as  c la imed  in  Claim  1,  2  or  3,  w h e r e i n  

the  r e v e r s i n g   lens  compr i ses   a  r e p e l l e r   e l e c t r o d e   mounted  at  the  o n e  

end  of  the  envelope   and  a  c o - o p e r a t i n g   e l e c t r o d e   on  the  i n t e r n a l   p a r t i -  

t i o n .  

5.  A  d i s p l a y   tube   as  c la imed  in  Claim  4,  where in   the  r e p e l l e r  

compr i ses   a  channel   shaped  member  wi th   f l a t   s ides   and  square   or  r o u n d e d  



corners   between  the  s i d e s .  

6.  A  d i s p l a y   tube  as  c laimed  in  any one  of  Claims  1  to  5 ,  

f u r t h e r   c o m p r i s i n g   a  c o r r e c t i n g   e l e c t r o d e   p rov ided   on  the  f r o n t   p o r t i o n  

of  the  i n t e r n a l   p a r t i t i o n   a d j a c e n t   the  one  end  of  the  enve lope   f o r  

c o r r e c t i n g   for  the  e f f e c t s   of  any  asymmetry  in  the  r e v e r s i n g   l e n s .  

7.  A  d i s p l a y   tube  as  c la imed  in  any one  of  Claims  1  to  6 ,  

wherein  the  e l e c t r o d e   a r ray   comprises   a  p l u r a l i t y   of  e l o n g a t e   e l e c t r o d e s  

a r ranged   on  the  i n t e r n a l   p a r t i t i o n   in  d i r e c t i o n   t r a n s v e r s e   to  the  p a t h  

of  the  e l e c t r o n   beam. 

8.  A  d i s p l a y   tube  as  c laimed  in  Claim  7,  wherein  the  e l o n g a t e  

e l e c t r o d e s   are  bowed  by  an  amount  s u f f i c i e n t   to  counte r   the  e f f e c t   o f  

the  the  v a r i a t i o n   in  the  forward  component  of  v e l o c i t y   of  the  e l e c t r o n  

beam  as  i t   l eaves   the  r e v e r s i n g   l e n s .  

9.  A  d i s p l a y   tube  as  c laimed  in  Claim  7  or  8,  wherein  the  e l o n g a t e  
e l e c t r o d e s   are  e n e r g i s e d   in  a  sequence  such  t h a t   the  e l e c t r o s t a t i c   f i e l d  

shows  a  change  p r o g r e s s i n g   in  a  d i r e c t i o n   from  the  one  end  to  the  o t h e r  

end  of  the  e n v e l o p e .  

10.  A  d i s p l a y   tube  as  c la imed  in  Claim  7,  8  or  9,  where in   t h e  

r a t i o   of  the  wid th   of  the  space  between  the  e l e c t r o d e   a r ray   and  t h e  

input   s ide   of  the  e l e c t r o n   m u l t i p l i e r   to  the  he igh t   of  the  e l o n g a t e  
e l e c t r o d e s   is  between  1.5:1  and  2 . 0 : 1 .  

11.  A  d i s p l a y   t u i e   as  c laimed  in  any one  of  Claims  1  to  10,  

f u r t h e r   c o m p r i s i n g   c o r r e c t o r   p l a t e s   d i s p o s e d   between  the  e l e c t r o n   beam 

producing   means  and  the  d e f l e c t i n g   means,  for   producing  an  e l e c t r o s t a t i c  

f i e l d   having  a  component  normal  to  the  sc reen   in  order   to  a d j u s t   the  p a t h  
of  the  e l e c t r o n   beam  for  any  m i sa l i gnmen t   of  the  e l e c t r o n   beam  p r o d u c i n g  

means.  

12.  A  d i s p l a y   tube  as  c la imed  in  any one  of  Claims  1  to  11,  

wherein  the  d e f l e c t i n g   means  d e f l e c t   the  e l e c t r o n   beam  over  an  arc  w h i c h  

is  narrower  than  the  width   of  the  s c reen   and  the  angular   d e f l e c t i o n  

of  the  beam  is  m a i n t a i n e d   a f t e r   the  e l e c t r o n   beam  has  been  d e f l e c t e d  

in to   the  f r o n t   p o r t i o n   by  the  r e v e r s i n g   l e n s .  

13.  A  d i s p l a y   tube  as  claimed  in  any one  of  Claims  1  to  1 1  

wherein  the  means  for   p roducing   a  low  energy  e l e c t r o n   beam  c o m p r i s e s  

an  a s t i g m a t i c   e l e c t r o n   g u n .  
14.  A  d i s p l a y   tube  as  c laimed  in  any one  of  Claims  1  to  13,  f u r t h e r  

compris ing   co lour   s e l e c t i o n   means .  
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